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PBOORESS  SEPCET  - RESEARCH  OH  HIGH  LIFT  BCUHDASI  LIUS  SUCTION 

iHvssnomoss  os  thin  high  speed  wings 
CONTRACT  Sosp-r75(CC5 


I.  BRIEF  OF  comic? 


A,  Financial 


Set  mated  Contract  Talus  *74,1' 19 

Sspecditure  to  28  February  1953  55,038 


trnaxpsnded  Balance  $19,681 


To  insoro  eoncinuauce  of  this  pro  gran,  which  at  present  in  approximately 
55  per  cent  conplste,  JUJ  letter  8400-53-67  dated  13  January  1953 
seat  to  the  Office  of  Naval  Research  requesting  additional  funds  and 
extension  of  tine  to  31  August  1953*  Technical  data  outlining  accoaplish- 
aaats  to  date,  {accent  plans  for  funds  r •saining,  and  plans  for  fimda 
requested  are  in  process  of  preparation  for  subnittal  to  the  Maty  Project 
Officer  through  Nil's  Washington  representative. 


B,  Basis  Contract 


Supply  the  neossscry  personnel  and  facilities  for,  and  in  accordance  with, 
any  instructions  issued  by  the  Scientific  Officer  or  his  (authorised 
representative;  conduit  research  on  high  lift  boundary  layer  end  circu- 
lation suction  calculations  and  axperlsent*  with  thin  swept  wings. 
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II.  TECHNICAL  PROGRESS 

A.  Theoretical  Investigations 

I.  Boundary  Layer  Control  at  the  Leading  Edge  of  a Thin 
High  XA  ft  Suction  Wjr.g  Without  Leading  Edge  Flaps 


On  a thin  airfoil  without  deflected  leading  edge  flap,  high  local 
velocities  and  low  negative  pressure  peaks  develop  at  large  cj, 
on  the  upper  surface  at  the  leading  edge.  In  order  to  delay 
leading  edge  separation  to  higher  cj,,  boundary  layer  control  should 
be  applied  on  the  upper  surface  in  the  region  of  the  adverse  pressure 
gradient  within  the  first  few  per  cent  of  tie  chord. 

Boundary  layer  calculations  at  Northrop  have  tmown  that  basically  it 
should  be  possible  to  as  in  tain  laminar  flow  at  large  cj,  through  the 
region  of  this  adverse  pressure  gradient  on  a thin  high  lift  suction 
wing  by  means  of  boundary  layer  ruction  with  extremely  small  suction 
quantities.  On  a straight  I-dinensional  NACA  0006-&4  section  with  a 
60°  to  70°  deflected  trailing  edge  eviction  flap  cl  aax  : 3.5  could  be 
expected  with  a suction  quantity  at  tha  leading  edge  of  CQ  ~ Qa  - 

-4  , U9  3 

2,  5 *10  at  a chord  Reynolds  number  of  10  . The  question  arises 

as  to  how  the  thsoretical  estimates  have  been  verified  by  the 

experiment  e 


High  lift  suction  experiments  at  Ames  on  an  F86  wing  with  continuous 
suction  at  the  leading  edge  (Reference  l)  have  shown  considerably 
larger  suction  quantities  than  laminar  boundary  layer  theory 
indicates.  Considerable  effort  was  therefore  spent  in  explaining 
the  discrepancy  between  theory  and  experiment.  Laminar  suction 
experiments  in  a narrow  channel  with  continuous  suction  as  well  as 
with  suction  tarough  slots  (References  2,  3,  and  4)  confirm  that, 
laainar  flow  can  be  maintained  threu^  a considerable  pressure  rise 
by  means  of  suction  with  approximately  the  theoretical  suction 
quantities 9 In  these  experiments  the  velocity  distribution  along 
the  channel  at  the  edge  of  the  boundary  layer  was  very  similar  to 
that  around  the  leading  edge  of  a high  lift  suction  airfoil  *t  high 
e*  . It  is  therefore  doubtful  whether  the  boundary  layer  on  the  FS6 
wing  had  actually  been  laminar  in  the  suction  region. 


Prematura  transition  eight  have  been  csaeea  on  the  F86  wing  for  the 
following  reasons.  It  was  suspected  that  spsnwise  flow  on  the  FS6 
wing  sight  have  influenced  transition;  British  experiments 
(References  5 6)  have  shewn  that  sweep  ca<a  easily  cause  prsaature 

transition  by  the  formation  of  dynamically  ona table  boundary  Irysr 
profiles  in  the  direction  normal  to  tbs  streamline-  at  the  edge  of 
the  boundary  layer  (Re/erenco  7).  Laminar  boundary  layer 
laticns  at  Northrop  of  the  apanwise  flow,  however,  indicate  that 
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spanwise  flow  should  not  have  influenced  to  any  extent  the  stability 
and  transition  of  the  laainar  boundary  layer  at  tbs  leading  edge 
of  the  F86  wing  during  the  high  lift  auction  teals  at  fa* a,  Expari- 
sents  at  the  National  Physical  Laboratory  and  at  Kofthrop  on  a 
rotating  disc,  confirmed  that  the  local  Reynold*  master  of  the  span* 
wise  flow  at  the  leading  edge  of  the  F86  wing  was  probably  too  low 
to  induce  premature  transition  (on  a rotating  disc  the  radial 
boundary  layer  profiles  {(Befersr.es  (S))  show  the  eases  typ*  of  in- 
stability as  the  boundary  layer  on  a swept  wing  in  ifcA  region  of 
a pressure  gradient). 

Another  reason  for  premature  tranaition  cn  the  F86  wing  might  have 
been  excessive  cur  face  roughness  and  vc  vines,  in  the  suction  region 
at  the  le tiding  edge.  Since  the  boundary  layer  ia  very  thin  at  the 
leading  edge,  surface  roughness  ia  particularly  critical-  At  high 
cl  the  sur  face  routine sa  at  the  leading  edge  of  the  F86  wi ag  during 
the  Aaea  experimehtB  was  approximately  aa  critical  as  on  a laminar 
flow  wing  of  5 ft.  chord  at  20  . 10°  to  25  • 10°  cbora  Reynold*  number 
at  the  design  lift  coefficient.  It  is  strongly  suspected  that  ex- 
cessive surface  roughness  and  wariness  haa  caused  premature  tran- 
sition on  the  FS6  wing  in  the  suction  region,  thus  requiring 
considerably  stronger  suction  than  with  a laminar  boundary  layer. 

An  interesting  possibility  has  been  found  far  conducting  basic 
laminar  suction  experiments  in  a relatively  simple  manner  at  the 
leading  edge  of  a higi  lift  suction  airfoil  under  full  seal* 
conditions.  The  potential  flow  pressure  distribution  calculations 
on  various  high  lift  suction  wings  of  different  thickness  ratios 
and  the  same  thickness  distribution  curves  are  obtained  by  plotting 
the  static  pressures  versus  / I \ 


\ C / starting  fro®  the  *aav*  minimum 
pressure  peek.  (2  I coordinate  in  chordwiso  direction,  R0  - loading 
edge  radius,  C = wing  chord).  For  excels,  th*  local  flow  conditions 
around  the  leading  edge  of  a 0006-64  high  lift,  suction  wing  are 
approximately  the  some  as  those  around  a 0012-64  high  lift  suction 
wing  with  a four  times  sealler  wins  chord  (assuming  the  same  tunnel 
speed).  This  mean*  that  leading  odg*  boundary  layer  control  can  be 
studied  under  fall  scale  conditions  on  relatively  small  models  and 
in  ffiMll-r  wind  tunnel*  by  using  models  with  a large?  percentage 
thickness  ratio  and  leading  edge  radius. 

Leading  edge  boundary  layer  suction  can  be  accomplished  through  a 
porous  surface  or  through  several  fine  slots.  A well  designed 
continuous  suction  through  a porous  surface  is  aerudynasically 
slightly  superior  than  suction  through  several  slots.  However, 
the  larger  surface  roughness  and  wariness  of  a porous  surface  s&y 
easily  compensate  its  slight  aercdynassic  advantage. 


CONFIDENTIAL 


?Age  4 


SEC®  I It  IKFuiKATIOK 


CONFIDENTIAL 


2 , Boundary  Control  (auction  or  blowing)  in  the  Region 

of  the  'flap  Axis  of  «*  Ds fleeted  Leading  and  Trailing  Edge  FIfrp 


Proa  the  staraipoint  of  a thin  high  lift  auction  wing  with 

deflected  le suing  and  trailing  edge  flap  and  boundary  layer  control 
(suction  cr  blowing  or  ccsbinat-io"  sf  both)  in  ths  region  of  the 
flap  axis  (front  and  rear  flap)  seems  promising  Calculations  of 
the  turbulent  boundary  layer  developed  nt  c~  thin  hi#»  lift  auction 
winge  indie  ate  that  relatively  Kjaali  suction  quantities  should 
enable  attached  turbulent  flew  over  the  trailing  edge  flap  at  high 
=i,  . (Cq  ^ 0.005  ((single  slot))  and  0.002  to  0.003  ((continuous 
suction))  at  the  rear  flap  axis  for  0006-44  section  with  60° 
deflected  trailing  edge  dap.) 

With  continuous  suction  of  a turbulent  boundary  layer,,  the  turbulent 
adzing  within  the  boundary  layer  in  ths  suction  region  is  probably 
considerably  stronger  than  with  suction  in  a single  slot  for  the 
same  pressure  rise  across  the  suction  region,  Therefore,  surlier 
suction  quantities  should  be  expected  with  continuous  suction  than 
with  a single  slot.  Continuous  suction  can  ba  approached  by  ruction 
through  a porous' surf aca  cr  through  a relatively  large  number  of  fine 
slots  or  through  a large  nuaber  of  fine  holes. 

Yery  probably,  continuous  suction  at  the  flap  axis  is  acre -favorable 
free  the  standpoint  of  hysteresis  than  suction  through  a single  slat. 
Furthermore » suction  through  single  slots  with  well  shaped  slot 
diffusers  any  be  unstable  under  certain  conditions.  (Ths  static 
pressure  in  the  suction  chambers  nay  Increase  with  increasing 
suction  quantities  within  a certain  auction  range  ((Reference  9)). 
Since  continuous  suction  of  a turbulent  boundary  layer  in  the  regies 
of  the  flap  axis  see  era  more  favorable  than  auction  through  a single 
slot  fro®  the  standpoint  of  suction  quantity,  hysteresis,  an 4 
stability,  it  is  intended  to  concentrate  particularly  on  continuous 
suction  (porous  surface,  sevsrt.1  fins  elota,  rows  of  fi^ss  boles). 


3-  Pressure  Distribution  Calculations 

A report  describing  the  results  of  potential  flow  pressure  distrib- 
ution calculations  on  thin  high  lift  auction  airfoils  is  being 
completed,. 


Bs  toper  igenial  Investigations 

The  design  of  a swept  half  spar,  high  lift  suction  wing  sodsl  is  con- 
tinuing, Additional  preliminary  slot  diffuser-  experiments  have  been 
conducted  in  order  to  check  sons  previous  tests. 
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Weight 
Factor 

JUtiaated 
Percent 
Goggle  tf_ 

Estia&tcd 

Physical 

Theoretical  Investigation 

40 

95 

38 

Kodel  Design 

«V 

80 

16 

Mo<Jel  Fabrication 

20 

0 

0 

Sxperiaentel  Investigation 

20 

e 

100* 

55% 
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